Nontyphoidal Salmonella causes an estimated 1.2 million human infections, 23 000 hospitalizations, and 450 deaths annually in the United States. 1 Although most Salmonella infections are foodborne, animal contact remains an important source of human salmonellosis. 2 Studies conducted during 1996 to 1997 determined that ∼74 000 Salmonella infections each year in the United States resulted from reptile and amphibian exposure. 3 Reptiles (eg, turtles) and amphibians (eg, frogs) have long been recognized as Salmonella carriers. 3, 4 Although there have been multiple multistate outbreaks of human Salmonella infections associated with turtles, 5, 6 this report documents the first known nationwide outbreak of Salmonella infections associated with amphibians, specifically African dwarf frogs (ADFs) (Fig 1) .
In fall 2008, epidemiologists from the Centers for Disease Control and Prevention (CDC) and state and local health departments investigated a cluster of human Salmonella Typhimurium infections with an indistinguishable pulsedfield gel electrophoresis (PFGE) pattern predominantly among children. The number of cases decreased to baseline levels by February 2009 before a vehicle could be identified. During April to July 2009, Utah Department of Health epidemiologists identified 5 new cases with the same PFGE pattern, mostly among children, and notified CDC. Because the number of cases increased above baseline again, a multistate investigation was reinitiated in July 2009 to identify the source of the outbreak.
METHODS

Outbreak Identification and Case Finding
State diagnostic laboratories forward Salmonella strains from clinical isolates to state public health laboratories for serotyping and PFGE. PFGE patterns are electronically submitted to PulseNet, the national molecular subtyping network for foodborne disease surveillance. 7 Multiple-locus variable-number tandem repeat analysis (MLVA) may be used to further distinguish Salmonella Typhimurium isolates. A case was defined as a person with a Salmonella Typhimurium infection whose clinical isolate was indistinguishable from the outbreak PFGE pattern, and whose MLVA pattern matched the outbreak pattern or MLVA unknown, and with an illness-onset date (or isolation date if onset unknown) from January 1, 2008 , to December 31, 2011 .
Hypothesis Generation
Patients or their caregivers were interviewed using a structured hypothesisgenerating questionnaire and by open-ended interviews about exposures in the 7 days preceding illness. The structured questionnaire consisted of .400 food and animal exposures, including dining and grocery venues. Data from the structured questionnaires were entered into a Microsoft Access 2003 database and analyzed for exposure frequencies.
Open-ended interviews obtained data not included in the structured questionnaire, such as detailed behavior history in the 7 days preceding illness. A constant comparative and iterative approach was used to reinterview cases and gather quantitative data on exposure frequency.
Case-Control Study
Exposures identified through hypothesis generation were tested in a multistate case-control study from November 30 to December 7, 2009 . Patients with illness onset from July 15 to November 9, 2009, were enrolled. Controls were persons with recent Salmonella infection with strains other than the outbreak strain identified from state enteric databases. Controls with the most recent illness were selected and matched to patients by age group (,5, 5-12, 13-18, 19-59, and .60 ) and geography. Potential controls were excluded if they traveled out of the country in the 7 days before the interview. Investigators sought to enroll 2 controls per case. Questionnaires focused on the leading hypotheses, including food and animal exposures for 7 days preceding illness for patients and 7 days preceding interview for controls.
Case Study
A retrospective review of PulseNet data indicated cases with the outbreak strain first increased in April 2008. After completion of the case-control study, any patient with illness onset from April 1, 2008 , to December 31, 2011 , was eligible to be interviewed using a structured questionnaire focused on exposures to aquatic pets, including frogs, fish, and other water animals. The questionnaire also included questions about place and date of purchase, water filtration, other animals sharing the habitat, and frequency and methods of habitat cleaning. Patients or their caregivers were also asked about awareness of Salmonella risk from reptile and amphibian contact.
Statistical Analysis
Data from the case-control and case study were entered into Microsoft Access 2007 and analyzed using SAS 9.2 (SAS Institute, Cary, NC). Matched odds ratios (mOR) and exact 95% confidence intervals (CI) were calculated via conditional logistic regression to examine relationships between exposures and illness. 
Laboratory
RESULTS
Outbreak Identification and Case Finding
Between January 1, 2008, and December 31, 2011, 376 patients with the outbreak strain were identified from 44 states; illness-onset dates ranged from January 1, 2008 , to December 31, 2011 . Fifty-two percent (186/359) were female; the median age was 5 years (range: ,1 year-86 years), and 69% (253/367) were children ,10 years. Among those with available outcome information, 29% (56/193) were hospitalized, 51% (28/55) were ,5 years, and 69% (38/55) were ,10 years; no deaths were reported.
Hypothesis Generation
Three primary hypotheses emerged during hypothesis generation. Among 11 patients interviewed, 100% (11/11) reported consumption of Brand A cheese-flavored crackers, 100% (11/11) reported consumption of Brand B cheese-flavored crackers, and 73% (8/ 11) reported exposure to an aquatic pet, such as a fish or frog. Seven additional exposures were identified with frequencies .60%, including cold cereal, yogurt, chicken nuggets, peanut butter, chips, pretzels, and apples.
Case-Control Study
Eighteen patients and 29 matched controls were enrolled in the case-control study from 14 states. In bivariate analysis, patients were significantly more likely than controls to report exposure to any aquatic pet, including fish or frogs (78% cases versus 38% controls; mOR 4.7, 95% confidence interval [CI] 1.2-27.0) ( Table 1 ). More specifically, illness was associated with exposure to frogs (67% cases versus 3% controls; mOR 12.4, 95% CI 1.9-infinity). Illness was not associated with fish or any other food or animal exposures. In a multivariable analysis, including exposure to frogs, fish, and Brand B cheese-flavored crackers, only exposure to frogs was statistically significant with an adjusted mOR of 9.3 (95% CI 1.3-infinity).
Case Study
A total of 112 patients were interviewed with illness onset between April 1, 2009, and December 31, 2011, 18 of whom were enrolled in the case-control study. Among 114 patients interviewed, 76% (87/114) reported exposure to any aquatic animal, 61% (69/114) reported any frog, 17% (18/104) reported frogs only, 14% (15/105) reported fish only, and 85% (90/106) reported both frogs and fish. Among 69 patients reporting any frog exposure, 56 knew the frog type of which 79% (44/56) reported ADFs.
In retrospective interviews, among 25 patients with illness onsets between April 1, 2008, and March 23, 2009, 84% (21/25) reported exposure to any aquatic animal, and 60% (15/25) reported exposure to frogs. Among the 11 who knew the type of frog, 4 identified ADFs. In total, 139 patients had illness onset between April 1, 2008, and December 31, 2011, and 60% (84/139) reported exposure to frogs.
Among 84 patients with illness onsets from April 1, 2008 , to December 31, 2011 , who reported exposure to frogs, only 27% (22/82) reported touching a frog and 46% (38/83) reported feeding a frog, whereas 59% (49/83) reported contact with the frog' s habitat and 60% (50/83) reported exposure to water from the frog' s habitat. When asked about cleaning the frog habitat, 19% (11/57) reported never cleaning the habitat; 23% (16/69) reported cleaning the habitat in the bathroom sink, and 35% (24/69) reported cleaning the habitat in the kitchen sink. The median number of days between purchase of a frog and illness onset was 30 days (range 5-2310).
Among 84 patients exposed to frogs, 38% (31/82) reported awareness of Salmonella infection risk from reptile exposure, but only 17% (14/81) reported awareness of the Salmonella risk from amphibian contact.
Laboratory, Environmental, and Traceback Investigations
Before this outbreak, the outbreak strain PFGE XbaI pattern made up 0.79% of all Salmonella Typhimurium isolates in the PulseNet database. During the outbreak period, 328 human isolates were MLVA tested and 30 (9%) were excluded as non-MLVA matches. Thirty isolates not sent to CDC for MLVA testing were classified as MLVA unknown. Six clinical isolates were tested and found to be pansusceptible to a panel of 15 antimicrobial agents (Table 2) .
Eleven environmental samples from 8 patient homes with ADFs in 8 states, an ADF festival vendor, a large-scale ADF distributor, and a day care center with ADFs yielded isolates indistinguishable from the outbreak strain (Table 3) . Traceback investigations conducted for 25 ADFs associated with Salmonella infections, including the 11 that yielded environmental samples with the outbreak strain, all converged to a single source, an ADF breeding facility in Madera County, California. No other source of ADFs was identified.
Investigation of ADF Breeding Facility
The ADF breeding facility was investigated in December 2009 by Madera County Public Health and Environmental Health (MCPHEH) officials, and in January 2010 by a team consisting of members from the CDC, CDPH, and the MCPHEH. The facility only bred ADFs and no ADFs were imported into the facility in the past decade. ADFs in the facility were raised from eggs to adults. Adult ADFs were shipped to distributors nationwide but were not sold directly to pet stores or the public. Environmental Cases by illness onset and age, January 1, 2008 , to December 31, 2011 ; n = 368 (for whom age and illness onset was known). samples obtained from the facility yielded the outbreak strain from multiple sources, including ADFs, water from tanks containing ADFs, tankcleaning equipment, water filter media, and floor drains ( Only 27% of patients reported directly touching the frog, whereas 60% reported coming in contact with water from the frog' s aquarium or indirect contact. It is possible that ill persons unknowingly came into contact with contaminated water from the frog' s habitat through cross-contamination, such as cleaning the frog' s aquarium in the kitchen sink and then preparing food.
ADFs are small, exclusively aquatic frogs. Sold as aquarium pets since the 1960s, they have become more popular in recent years. Although ADFs are often purchased from pet stores, they are increasingly found at fairs, festivals, and novelty, educational, and toy stores and are marketed as good pets for young children or school classrooms. Children are likely at higher risk for acquiring Salmonella infection because of their decreased likelihood to practice good hand-washing, as well as increased risk of hand-to-face contact, and contact with the environment. 2, 8 In addition, young children, particularly infants and children ,5 years old, and the immunocompromised are at greatest risk for severe or complicated disease. In this outbreak, 29% of patients were hospitalized with a median hospitalization of 4 days (range 1-9 days).
Contaminated water has been the source of infection during disease outbreaks associated with other animals, such as small turtles, for many years. 9, 10 Repeated outbreaks, predominantly among children, led to a 1975 federal ban on the sale of small turtles, causing a dramatic decline in salmonellosis among children. 11 As of June 2012, the distribution of ADFs was unregulated by federal or state agencies.
Control recruitment for young children is difficult using conventional random digit dialing methods. In recent multistate case-control studies conducted at the CDC, on average, more than 300 phone calls are typically required to enroll a single child control (CDC, unpublished data, 2009 14, 20 Pediatricians are uniquely qualified to provide education to young patients and their families about the risk of Salmonella infection from animals. Education regarding salmonellosis risk should be expanded to include risk for salmonellosis from frogs and other amphibians. In particular, consumers should be educated that exposure may be indirect, such as contact with aquarium water containing frogs or turtles, and on simple hygiene precautions. 
